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They're sold in King Kullen Grocery 
Co. Inc., big New York City and Long 
Island supermarket chain, where or- 
anges, grapefruit, apples, and potatoes 
are packaged at the store level —in 
polyethylene bags. What happens ? 

Philip LaRocca, mere handising man- 
ager of the produce department, re- 
ports that ‘potato sales have doubled 
since we started using polyethylene 
bags and polyethylene bagged po- 
tatoes sell 2 to 3 times faster than loose 
potatoes 

You could take a big step toward big- 
ger and surer markets by making sure 
your potatoes reach the consumer in 
film made of Bakecrre Brand Poly- 
ethylene. Talk to your packaging sup- 
plier today or write for further in- 
formation to De pt PQ ] 


PING KULLE® 
| 


Polyethylene bags for King Kullen supermar- 


kets are supplied by § Fishmen Ce., Inc., 
Brooklyn, N 


It pays to package in film made of 


BAKELITE COMPANY 
A Division of Union Carbide and Carbon ( orporation (Wg 30 East 42nd St., New York 17, N.Y 


Phe term Bake core and the Trefoil Symbol are registered trade-marks of UCC 
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EFFECTS OF SOME METABOLIK INHIBITORS 
ON SUGAR AC CUMULATION IN pr ITATO DISCS 
DURING PARTIAL DESICCATION! 


C. C. Crarr? 


Potato tubers accumulate sugars during low- (31°-50° F.) and 
high-temperature (85°-100 F.) storage. Potato tissue accumulates sugars 
during partial desiccation. The irst sugar to accumulate is sucrose (5, 6) 
and starch is known to be the source. Temperatures between 32 and 
104 have little effect on the final amount of starch converted to sucrose 


during partial desiccation of potato tissue, but each rise of 18° F. (10° ¢ 


accele rates the 


velocity of accumulation about 1.5 
Cause potato tissue to reach a critical 
reaction before there 


times. Rapid drying may 
moisture content that will stop the 
is any appreciable starch-sugar 
Sucrose accumulation in potato tissue 

oxygen (4) or after death of the tissue 


Since frost, drought (i, desiccation), and heat resistance in plants 


are now considered basically similar (3). it js probable that the accumula 


tions of sugars by potato tissue at low and high temperature 5 and during 


bases. The purpose of the 
present study of sugar accumulation in potato tissue during partial 


desiccation was to determine whether sugar accumulation in potato tubers 
can be prevented 


interconversion (6) 
does not occur in the absence of 


partial desiccation have similar physiological 


MATERIALS AND My rHODS 


The work re ported here was done on late crop potatoes of the varieties 
Russet Burbank and Katahdin during three seasons. The 
placed in storage at 55 F. and used 
winter, Cylinders of tissue 1.5 em 
borer and sliced into discs 1 to 


potatoes were 
from time to time during the 

in diameter were cut with a cork 
2 em. thick The dises were washed 
i running tap water for several hours 


Slow cde siccation was accomplished by 


and blotted dry before weighing 
y placing the dises in open dishes 


in a large incubator oven at 70 Rapid desiccation was accomplished 
by placing them in a stream of alr 

The discs were treated with the different 
immersion for a 2-hou period or by 


mately 20 minutes with the different 


metabolic inhibitors by 
vacuum-inhiltration fey approx! 
solutions. Both methods appeared 
satisfactory \iter treatment the discs were blotted dry and partially 
desiccated along with the appropriate control sample 


Reducing and total sugars were determined by th S} 


method as modified by Heinze and Murneek ¢ 1). Suere 
as the differenc: 
\t the ends of the periods 


latter Somogy 


se was calculate d 


of desiccation the rates of re spiration of 
the potato discs were determined by conventional Warburg methods at 
70° F. in vessels of 125-mf! capacity without the addition of fluid 


Little or no sugar accumulated and no ¢ hange in the alcohol-insoluble 


2 
“Associate Physi: ogist, Biological Sciences Branch, Agricultura] Marketing Service 
U. S. Department of Agriculture, Beltsville. Md 


Accepted for publication April 2, 1956 
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In potato dises partially desiccated in the absence 
a oxygen (Table 1). From this it would appear that there is a 


etabol tep between starch and sucrose that requires oxygen and 
that the blocking of this step prevents starch hydrolysis. Sugar accumu- 
lation during partial desiccation, however, was only partially inhibited 
when the levels of oxygen were between 1 and 2 per cent 

During rapid desiccation of the potato discs to below 50 per cent of 
their orginal fresh weight there was an accumulation of sucrose but 
ne accumulation of reducing sugars (Table 2). The amount of sucrose 


accumulated was less than when the fresh weight was reduced at a 


slower rate. During slow desiccation reducing sugars also accumulated 


These results indicate that reactions requiring a finite time are involved 
either m sucrose synthesis or in the development of the physiological 
conditions leading to sucrose accurnulation During rapid desiccation 
ucrose accumulation is apparently stopped by a critical water content 
before the concentration attains the equilibrium range found during 
slow desiccation 


Potato dises treated with metabolic inhibitors and partially desiccated 
also accumulated sugars (Table 3). Sucrose and total sugars were signi- 
heantly greater in dises given the NaF treatment than in the water- 


Lt Sugars and alcohol msolubl, solids m Russet Burbank potato 
discs partially desiccated at room te mperature for I& hours in atmospheres 
containing diffe rent concentrations of oxyqen.' 


Weight Reducing Alcohol 
Dise J reatment I 458 Sugars Sucrose insoluble 
Solids 


Per cent Per cent Per cent Per cent 


Not (original dises) 0.12 0.08 17.4 
Drying in Air 23 82 1.12 15.1 
Drying in Ny 18 18 32 16.9 
Drying Vacuum 19 10 12 17.6 
Drying im | 2 per cent O 18 0.27 074 16.3 


4 3 replications calculated as per cent of original fresh weight 


Lane 2 Sugars in Katahdin potato discs partially desiccated at different 
rates at room te mperature 


Hours of Weight Reducing 
Drying Loss Sugars 


Suc rose 


Per cent 


{) 0.12 0.07 
7 1s 10 
63 58 
24 5 M 17 
24 55 16 94 
7? ] 073 


riginal fresh we ight 


=) 
: 
Means « 
i 
‘ 4 
er cent 
rephcations calculated as per cent of 
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infiltrated control dises subjected to similar partial desiccation, Similarly, 


in the 2,4-dinitrophenol (DNP) treatment sucrose and total sugars were 


significantly greater, but reducing sugars were significantly less than in 
the water infiltrated control treatment 

When potato discs were infiltrated with 10% M DNP, pH 5.0, and 
partially desiccated, no sugars accumulated and the tissue was killed 
(Table 4). In discs infiltrated with 5 x lO* M and 10 M DNP. 
pH 5.0, and partially desiccated only a part of the cells were killed 
and small amounts of sucrose but no reducing sugars accumulated. In 
dises infiltrated with 5 x 10° and 10% M DNP, pH 5.0, the accumulated 
reducing sugars were less than in the water-infiltrated control dises 


TABLE 3 Sugars in and appearance of Russet Burbank potato discs 
infiltrated and not infiltrated with certain metabolic inhibitors and partially 
di siccated for 6d hours at 70 | 


\ppear- 
ance 
lise Treatment after Weight Reducing Potal 
68 Hours Loss Sugars Sucrose Sugars 


Per cent Per cent Per cent Per cent 
None (original discs ) 0.19 0.17 0.36 


No infiltration Normal 2h 93 | 1.54 
Infiltration with 

Water Normal 22 KS 79 1.67 
10 M pH 5.5 Normal 21 98 63 
5 x 10° M arsenite, pH 6.0 .. Normal 20 92 82 1.74 
10* M NaF, pH 6.0 Injured 24 92 1.3 2.22 
10” M DNP®, pH Normal 24 0.54 1.72 2.26 


Means of 3 replications calculated as per cent of original fresh weight: L.S.D. (56%) 


22.4-dinitrophenol 


TABLE 4 Sugars in and appearance of Kusset Burbank potato discs 
infiltrated with different concentrations of 24 dinitrophe nol (DNP) at 
fH 5.0 or water and partially desiccated for 08 hours at 70° FO 


\ppear- 


ance 
Dise Treatment after Weight | Reducing Total 
68 Hours Loss Sugars Sucrose Sugars 


Per cent | Per cent Per cent Per cent 


None (original discs) 0.17 0.05 0.22 
Infiltration with 

10° M DNP Dead 2b 21 05 % 
5x M DNP Injured 25 22 
10° M DNP Injured 25 2 92 
5x 10° M DNP Normal 24 a) 1.56 215 
10° M DNP Normal 25 Kf, 1.29 | 715 
5x 10° M DNP Normal 25 1.00 1.12 212 
Water Normal 26 1.07 0.62 169 


1Means of 3 replications calculated as per cent of original fresh weight 
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subjected to similar partial desiccation, but the accumulated sucrose was 
increased enough so that more total sugars accumulated. The chief differ- 
ence after partial desiccation between potato dises infiltrated with 5 x 
lO” M DNP, pH 5.0, and water was 4 greater amount of sucrose in the 
former. It is apparent from the data that as the concentration of DNP 
is mereased smaller amounts of reducing sugars are accumulated The 
pattern of accumulation at the different concentrations of DNP would 
seem to indicate that the reducing sugars arise from sucrose, at least 
in) partially cle siccated potato dises 

Sugar accumulation and respiration im potato dises during partial 
desiccation were investigated by comparing the effects of several metabolic 
inlubitors on the two processes. As shown in Table 5 the inhibitors 
DNP, NaF and to a lesset extent, KCN, have somewhat similar effects 
on sugar accumulation regardless of their differences in mechanism of 
mbubition (2). It would appear that moderate concentrations of metabolic 
inlubitors up to the point of disorganization and death of the tissue resulted 
in an increase im sucrose accumulation during partial desiccation. This is 
apparently equally true whether the rate of respiration was stimulated 
as by 10* M DNP or inhibited as by 102 M NaF, pH 6.0. Severe inhibition 
ol respiration of energy transfer as by the treatment with 10° M NaF, 
pH 3.8, and 10% M DNP resulted in no sugar accumulation and the death 
of the tissue during 48 hours of partial desiccation 


CUSSION 


The result reported herein confirm the beliefs of earlier workers 
(5, 6) that sucrose is the product of starch hydrolysis nm VITO. Sucrose 1s 
the only sugar to accumulate in potato dises during rapid desiccation or 
during slow desiccation after previous treatment with high to intermediate 
concentration of metabche inhibitors. The results alse indicate that during 


partial desiccation of potato dises reducing sugars arise from sucrose 
Ihis was shown by experiments in which potato dises were treated with 
uccessively weaker concentrations of metabolic inhibitors. As the concen- 
trations of metabohe inhibitors were decreased larger amounts of reduc Ing 
upar wccumulated and there was a closely corresponding decrease in 
ucrose accumulation sumilar pattern of accumulation was shown 


when the rates of desice ation were dec reased. When the rate of desi cation 
was rapid only sucrose accumulated and when it was very slow only 
reducing sugars accumulated. It would appear that the more nearly 


normal metabol; oof potato dises was during the period of partial 
desiccation the greater was the accumulation of reducing sugars 

There are at least two phases to the problem of sugar accumulation 
Mm potato tissue. The firet phiase concerns the biochemical pathway by 
which sucrose is synthesized from starch. This phase, which is enzymati 
nature, should presumably be inhibited by metabolic inhubitors. The 
pres work shows that the biochemical synthe Sis of sucrose ts less 
iffected by low levels of oxygen and metabolic inhibitors than are other 
physiological processes such as sprouting. A similar conclusion can he 
reached from the fact that potato tubers accumulate the largest amount 
of sugars during storage at 31° F_ a temperature at which most synthetic 


reactions are at a minimum. From these considerations it can be conc luded 


that the biochemical synthesis of sucrose is fundamental in potato cell 
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Rate of Desic 
aim Ire atment al x Vor 
Sucrose Sugars LU ptake 
Rapid desiccation for 8 hrs 
M NaF, pH 38 56 13 
10* M NaF, pH 6.0 51 15 > ve 
10" M DNP4 oH So 61 
Slow desiccat n tor 24) 
+ infiltration t 
M NaF, pH 66 12 27) 109 
\ oli 60 14 3] rw 49 
Siow desiccation for 4&8 hrs 
lo" M NaF, pH 3.28 15 35 4 
10? M NaF, pH 6.0 >? 133 
lO” M DNP* pH 50 ‘ 7 
lo’ M pH 5.0 112 
lf Vek ‘ 7 1.4% 
KCN Hi (0.37 0.73 10) y 
Means of epi is per cent of orig: ire A 
a? er gram of orig il tres! eight 
Skilled 
metabolism and that 
avatlable re spirator 
che ‘ that do not lead to the deat 
tissu 
accumulation t present it is not known v i” ee 
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rather than decreased the amount of sugars accumulated during partial 
desiccation 

The possibility that the resistance of potato cells to physiological 
stress can be increased by chemical treatments remains to be tested. A 
mere practical approach to the control of sugar accumulation in potato 
tubers would appear to be the selection of varieties resistant to sugar 
accumulation during low temperature storage. This is especially true in 
view of the success of plant breeders in dealing with problems of frost. 
heat and drought resistance with which sucrose accumulation in the potato 
tuber appears to be related 


SUMMARY AND CONCLUSIONE 


Sugar accumulation was studied in potato dises subjected to partial 
desiccation. Little or no sugar accumulated and no change in alcohol 
insoluble solids was detectable when potato dises were partially desiccated 
in the absence of oxygen. In rapidly desiccated potato dises there was a 
linuted accumulation of only sucrose In slowly desiccated discs there was 
a large accumulation of both reducing sugars and sucrose. 

Potato dises treated with metabolic mbhibitors (1odoacetate, arsenite. 
fluoride and dinitrophenol) at intermediate concentrations accumulated 
sugars. Sucrose and total sugars were significantly greater in discs given 
fluoride and dinitrophenol treatments than in water-infiltrated control 
dises subjected to similar partial desiccation. In potato discs infiltrated 
with high concentrations of dinitrophenol sugar did not accumulate and 
the tissue was killed during partial desiccation When only a part of the 
cells were killed only limited amounts of sucrose accumulated. It would 
appear that moderate concentrations of metabolic inhibitors up to the point 
of disorganization and death of the tissue resulted in an increase in sucrose 
accumulation during partial desiccation This response was largely in- 
dependent of the rate of re spiration of the dises treated with the metabolic 
inhulntors. The results show that sucrose is the first sugar to accumulate 
from the im wvo hydrolysis of starch There is evidence that reducing 
sugars arise from sucrose in potato dises during partial desiccation 

It is concluded as improbable that sucrose synthesis in potato tubers 
can be prevented by chemical treatments or conditions that do not lead 
to the death of the tissue. Sucrose accumulation in potato tubers is 
apparently related to frost. heat and drought resistance and the most 
practical approach for control would seem to be the selection of varieties 
resistant to these factors 


LiTeRATURE 


l. Heinze, P. H. and A. F Murneek. 1940 Comparative accuracy and efficiency in 
determination of carbohydrates in plant material. Mo. Agr Exp. Sta. Res 


full. 314 

2. James, W.O. 1953. The use of respiratory inhibitors. Ann. Rey Plant Physiol 
4. 59.90 

$6 Levitt. J 195] Frost, drought and heat resistance, Ann. Rev. Pl. Physiol 2 
245-208 


4 Nelson M and k Nuchineloss 1933 he eftects« of glucose and iruct 


ose on 
the sucrose content of potato slices. Jour. Amer. Chem. Soc $* 3769-3772 
Schroeder, H. and 7 Horn. 1922 Das Kegenseitige Mengenverhaltnis der 
Kohlenhydrate im Laubblatt im seiner \bhangigkeit vom Wassergehalt 
Biochem. hr. 130: 165 198 
% Wolff, C. J. de. 1926 Die Saccharosebildung in Kartoffeln wahrend des Trock 
nens. Biochem. Zeitschr. 17¢ 225-245 ; 178: 36-59 


= 
a 
x 
= 
nae 


1956] EASTWOOD AND WATTS: EFFF( T OF POTASH ON SPECIFIC GR AVITY 265 


THE EFFECT OF POTASH FER1 ILIZATION 
UPON POTATO CHIPPING QUALITY 
IV. SPECIFIC GRAVITY! 


Tom Eastwoop James Warts? 


INTRODUCTION 


The chip color data from this series of experiments were reported 
Wt a previous paper (2). Also, the methods employed were outlined pre 
viously (1). In this presentation, data on specihe gravity changes in the 
potato tubers will be submitted. Also, a brief summation will be included 
on the effects of the treatments upon reducing sugar content of the tubers. 
chip taste, keeping quality of the tubers in curing storage, and keeping 
quality of the tubers in cool/cold storage : 


EXPERIMENTAL ResuLts 
1. 1951 Camp Potato Experiment 

Specific gravity data were similar for the potatoes grown with both 
levels of muriate of potash, 120 and 160 pounds per acre, 

However, the potato varieties did not all react in the same manner. 
\s an illustration, the use of 160 pounds per acre of potash decreased the 
specific gravity for the variety Russet Rural as compared with the use 
of 120 pounds per acre, whereas the reverse occurred for the Katahdin 
variety 


2. 1952 Camp Potato Experiment 

Increasing applications of muriate of potash decreased the specific 
gravity of the potatoes. The drop in specific gravity was of practical 
magnitude as the potash level was raised from. 80 to 120 pounds per 
acre, whereas it was only of statistical significance as the potash level 
was further raised to 160 pounds per acre 

Several interactions ce veloped between the potash supply and the 
other experimental variables. The potato varieties varied in their responses 
in specihe gravity toward the several levels of potash. There was an 
over-all progressive trend toward reduced specific gravity for the varieties 
Kusset Rural and White Rural as the amount of potash was progressively 
increased. This trend was not so precise for the Kennebec and Nixon 
seedling. However, in all cases the specihie gravity of the potatoes receiving 
160 pounds of potash per acre was lower than that of potatoes receiving 
SO pounds per acre 

Specific gravity was also altered according to the relative proportion 
of N and K,© in the fertilizer application. However, there was no general 
trend in either magnitude or in direction for this interaction. The levels 
(80, 120, and 160 pounds per acre) of potash in the fertilizer showed 
a greater decreasing effect upon the specific gravity of the tubers than 
did the nitrogen level (40, 80, and 120 pounds per acre. ) 

Despite the fact that the over-all values for specific gravity decreased 
' Accepted for publication February 1. 195¢ 
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increasing lengths of previous cold storage treatments, no interaction 


developed between potash level and cold storage 


4 nil fate ment 


lhe use of sulfate of potash resulted in a higher specific gravity than 


click the appheation of muriate of potash. However, the difference varied 


according to the particular series of the potatoes under test: that 1s, 


according to the length of previous cold storage treatment Although no 


ynilicant interaction showed up between potash source and cold storage, 


i mall cifference nm speciic gravity occurred as a result ot the potash 
it) the potato wi ic] hacl received thre 9 weeks of cold 


torage betore the curing storage period, whereas noticeable differences 
cle eloped im the lots receiving U and 18 weeks previous cold storage 
\Ithough a significant interaction was la king between potash source 


and mitrogen level, an interesting trend was noted. Th sulfate of potash 


merensedt the pecit VTAVITV of the tubers compared with the muriate 


en 75 pounds per acre of N were applied than when 150 


pounds per acre of N were used. The extra N appheation partly counter 


acted the etfect of the sulfate at potasl 
In this « xperiment the use of 225 pounds per acre of muriate of 
potash resulted in a higher specific gravity in the Katahdin variety than 


is wluced use of 150 pounds per acre 


/ 1953 New Jersey | rperiment 


lhe use of ulfate of potas! increased the specihe gravity of the 


potato tubers noticeably in comparison with the use of muriate of potash 


llus «ifference was 0.0032 or 07 per cent dry matter, which was of 


rehable imteraction developed between potash source and farm. 


potate nmety or irrigation. The varieties were Cobbler Chippewa, and 


ent 


hye ise sulfate of potash imereased the specthe gravity of the 
tril vyhen compared with murtate of potash for the vari ties Cobbler 
CTippewa, whereas no difference of significance occurred for the 


| ‘ trend tow ira reduced speciln VTAVITV Of thre tubers thre 
crense use «ft potas is the murnate salt the range oft 160-0. 


SU-TOO-80, 830-160-160, and 80-160-240 of NO PLO and KO pounds per 


re niluenced greatly by interactions with other variables. [ow 


rate vhen u { loam tl lugher values for 


rin “ ir location | vel Was mostly 


a matter of location, as this factor caused miu yreater differences. The 
1 the Kata vas depressed more than was the specif 
Kusset Rural fron the use of Increased quantities 
potas Even here the cool /cold storage treatment altered 
beth the imfluence of the potato variety and the effect of the level of 


ot the potato tubers 
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the sulfate of potash produced a general 
the tubers than did the use of muriate 
the 


over-all greater 
ot potash 

if potash upon specihc gravity of tl 
resence of several interactions 


SOUTCEe ¢ 


tubers 


by the y namely, with farm 
including Katahdin, 
Rural. In this case the sulfate of potash caused a 
im specihe gravity compared with the muriate of 
variety Russet Rural than with the variety Katahdin 


DISCUSSION AND St M MARY 


l lhe use of increasing amounts of muriate of potash, in general, 
caused a decrease in specihc gravity of the tubers 

2. Several interactions occurred between potash level and the othe 
expermmental variables: (a) The potash level response on the specific 
gravity varied with variety of potatoes. In some instances additional 
potash decreased the specihe gravity of Katahdin and increased it for 
Russet Rural, and in other cases the reverse trend was found; (b) sig 


ms were noted between 


nitrogen level and potash level, 
the 


were farm location 
potas level whereas its own 


and mapnituct erratic; (c) 


nm speciic gravity was yreater than that for the potash 
nd toward greater reduction in pecihe gravity in the 
when the higher amounts of pota vere applied as the 
applied as thie sulfate prota ina weather con 
lajor factor in effecting specific gravity 
al the use of sulfate of potash imereased the specifi 
witato tubers in comparison with that produced by the 
potash 
interactions were observed hetween pota eurce and the 
il variable (a the potat ariet lil net ilway react 
¢ to alter the peciiic gravit Wt the tuber other lactors 
incl cultural aused turtle iriability (hb) 
was effected by a complex of factor neluding potato 
el, and potash source: (« pota ource and irrigation 
n relation to specific gravit wt the tuber (cd) the Inter 
een potash source and fay ocation was not consistent, 
mm Causing a greater effect than did pota ource (e) an 
noted hetween nitrogen le vel and 
raction cle veloped bet prota ines ind the cold 
the potash variables had any definite influence upon the 
ng sugar in the potato tube Miso, 1 practical inter 
between the potasi iriable and the ¢ x<perimental 
potato variet nitrewvet level imrivation larn location. 
cold ‘ treat ent 


i the quantity 
of losses of the tulx in curing storage. Likewise, no interactions developed 
het wee potas level and source ind the other « <permmental variable 
such as potat ri mitrogen level, irrigation. fay location and length 
of previous cold storage treatments 
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7. The potash variables, level and source, had no effect upon losses 
under conditions of cool/cold storage. Also, no interactions developed 
between the potash variables and the other experimental variables, such 
as nitrogen level, potato variety, and farm location. 

%. The potash variables, level and source, had no influence upon chip 
flavor. Evidence for interactions between the potash variables with the 
other experimental variables, such as nitrogen level, potato variety, irri- 
gation and farm location, were not present. 
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Potash and Potatoes 


Growing potato plants will show their need for potash 
by leaves that have an unnatural, dark green color and 
become crinkled and somewhat thickened. Later on, the tip 
will become yellowed and scorched. This tipburn then will 
extend along the leaf margins and inward toward the mid- 
rib, usually curling the leaf downward and resulting in pre- 
mature dying. It pays to watch for these signs, but it is a 
far better practice to fertilize with enough potash so as never 
to give them a chance to appear. 
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WASHING MUDDY POTATOES! 


E. Wacconer? 


When potatoes are harvested late because of wet weather, they 
are apt to be muddy and cold when stored. Unless ventilation is ample, 
they do not dry readily in storage. Consequently, when marketed they 
are unsightly and frequently decay due to lenticel and wound infection 
Their appearance can be improved by washing. The present experiments 
were designed to determine whether this washing 1) increased decay 
In potatoes already infected or 2) caused infection of potatoes wounded 
during the operation. Means of controlling decay were tested. 


MATERIALS AND Metuops 


Katahdin tubers that were covered with wet mud and rotten debris 
were obtained from a storage in December. After passing through a 
brusher and being graded for U.S. No 1, they were placed in poly 
ethylene bags for 3 days at 60-70° F. Twent, eight per cent of the 370 
tubers remained sound, 69 per cent decayed because of bacterial infection 
of lenticels, and 3 per cent decayed due to bacterial and fungal infection of 
wounds. Sound Katahdin tubers were obtained They were dry and did not 
show any decay after 7 days at 65 ina polyethylene bag Fach exper 
mental lot consisted of 5 pounds of the muddy tubers and 5 pounds 
of cut, sound tubers mixed together 

Unwashed lots were placed in net onion bags ot polyethylene bay 
that had for ventilation 6 slits 1 inel long. Other lots were washed hy 


tumbling the tubers together in 2-25 gallon tanks of water. Fresi 
water was used for each 10-10 Ib. lots. The tubers were drained befor 
bagging. Some of the washed tubers were then sprayed with 100 ppm 
streptomycin trom Agrimvein 100 Streptomycin prevents the inoculation 
of cut seed wit! certain decay bacteria (1) Some of the washed tubers 
were spraved witl 1000 ppm sorbic acid (2) furnished by 1 nion Carbide 
and Carbon ¢ orporation. This concentration of sorbie acid had prevented 
the growth of FE. carotovora. soft rot bacteria, in nutrient brotl 
Following washing and treatment. the bagged tubers were incubated 
6 days at 65 lhen the infected muddy tuber were in pected for 
bacterial decay. The cut. sound tubers were also inspected. This experi 
ment of 5 replicates was followed a month later by another one of 5 
replicate In the two experiments a total of 2.961 tubers was in pected 


he 
ethylene dried somewhat but remained damp. The percentages of the 
tubers that decaved and the 95 per cent confidence intervals (4) are 
tabulated in table ] 


Many of the muddy, infected tubers rotted during storage. Both 


tubers in the net bags became dy whereas those im the poly 


washing and drying decreased the number that rotted, Both streptomycin 
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THREE VIRUS COMPONENTS OF “INTERVEINAI 
MOSAIC” IRISH COBBLER POTATO 


\\ ALKER 


Interveinal mosaic. a virus disease of the Irish Cobbler potato variety 
by Schultz and Folsom in 1923 (10) Schultz in 1951 (9) 

and Maclachlan, Larson. and Walker in 1954 (6). The present. stucdie 
led tl | 


have revealed 1 © presence of potato viruses S and X in all Trish ¢ obbler 


Vas dese rile 


material used, whether “he or atlecte] wut! Intervermal 

‘* Was confirmed that our source of the virus X-inwoune potato Seedling 
‘ 

11956, a host used in these studies to eliminate \ ru \ Vas intected 


with virus S. This was originally established in 1954 by R. H. Larson and 
D. H. M. van Slogteren (8). It was also as ertained that Irish Cobble: 
and Seedling 41956 used. did not contain knows rains of potate 
\. F, or Y. thus distinguishing “interveinal ot Cobbler 
respectively from: the nuld mosar ot ultz and Folson (10 on 
rinkle mosaic” of Murphy and MeKay (3 the nlervemal miosat ot 
ouglinane nl Cline (5 and the rugerse lt 


cn wing on 
the latter, and thence by further yratting, fron eedhing 41956 to plas 
ot Datura tatula (| where it caused ring-like lesions after 
Zi days (0) 

thee present stucly at | found that tact fy 


Intervemna 


Bernhard | Linn ect i I an ¢ pea gna ney 

herve at Sap Cail ateria ny 
41956 Carl viri ‘ ! peu il 

species of Datura tested 


Mi 


x 
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In a search for a host which might separate the “interveinal mosaic” 
factor from virus S, leaves of Datura metel L.. from several sources, were 
rubbed with sap from “interveinal mosaic” Seedling 41956. Plants of one 
of these D. metel sources developed local necrotic lesions, followed by a 
systenuc yellow spotting, and finally by an acropetal leaf-drop which 
resulted in the death of the plant 

~ap from upper leaves of D. mete! showing the systemic symptoms 
deseribed above, was rubbed on a young potato seedling grown from true 
eed. After thirty days sap from this potato seedling was rubbed on 
leaves of a number of hosts. The first passage through J). metel fiad 
eliminated some part of the virus complex contained in the original “inter 
vemal mosaic” Seedling 41956. DP metel now reacted with chlorotic local 
lesions and sy stemmic spotting, but the lethal effect Was lacking V. debneyi 
reacted with the irregular brownish ring-like local lesions, without systemic 
yinptoms. Tocal lesions appeared on guar (4-6 days) and on cowpea 
(14-21 days). No symptoms were produced on C. album. The above 
yinptom reactions suggested that virus S was absent from this moculum, 
leay the intervemmal mosaic” fac tor 

\n antiserum produced by intravenous injections of a rabbit with 
clarified sap from the above-me ntioned potato seedling clearly distinguished 
«tween potato plants carrying the “interveinal mosaic” factor, and those 
Hat contamimge the factor, whether of not other viruses were present. This 
factor was given the code name “potato virus M.” 
virus S and virus M appeared to have some serological component 
in common, but this represented a relative, small fraction of the antigenic 


activities of the respective viruses. The two viruses could be distinguished 
readily when the M and S antisera were diluted. Antiserum titres against 
the homologous viruses were 1/1600 for virus S antiserum and 1/2400 
lor viru M anti erum. The re spective titres against the heterologous 
iruses were 1/20 and 1/40 
l'sing for identification ind recovery purposes, the antiserum specih 
to virus M, and another specie to virus S, as well as the host plants 
f fuar, and NV’. dehng a prelinunary tudy wa made of the host 
riine and S llants of tomato and eggplant moculated with 
the two viruse intervemal mo Seedling $1956 but showing ne 
ipparent miptoms, were found to carry only virus M whereas virus S 
lel not beeorne stenne m these hosts. On the other hand, Physal 
Philadelphica \.an was a systenne host of virus S but not of virus M 
It 3 gmificant im wew of recent work in Kurope (1, 3, 4. 11) 
cle mm the potato varieties Fortuna and King edward. that 
ap extracts trom these varieties reacted speciheally with both the M 
and antisera. It will be of interest to determine whether each of these 
'wo potato varieties contains separate virus components or a single virus 


line Is antivenicallsy related to both the and S VITUses 
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POTATO FUNGICIDALT. SPRAY TRIALS IN \W EST VIRGINIA, 
1950-1955 RESULTS! 


M. FE. 


blight (Alternaria solani (FY & Martin) Jones and Grout 
and late blight (Ph tophthora intestans (Mont.) D. By ) are important 
Ciseases of potato in West Virginia. [ate blight. although sporadic, is 
usua miore destructive than early blight. However, since early blight is 
usually present every year jt olten assumes a major role. In recent vears 
many new fungicides have heen developed for use in control of these 


disease ince the environmental conditions of the mountainous areas 
; aA West Virginia are charac terized by high rainfall and persistent fogs 
ib and dews, it 1s necessary that ne w tungicides be tested here to determine 
po therr value under these conditions 


Thy paper reports thre results of 5 vears ¢ 


f fungicidal spray trials 
carned out over a 6-year pertod, 1950-1955. No tects were made in 1954 


Previously, Vaughn and Leach (3) have reported comparisons of Dithane 


and several unnamed ¢ xpermmental copper tungicides with Bordeaux mix 
ture tor the control of potato defoliation diseases m West Virginia 


MATERIALS AND My rHODS 


potaty Varieties Cobbler and Kennebec were sprayed In 1950 
and 1951, Katahdin in 1952 amd Pontiac in {953 and 1055 During the 
4 irst week in May. the «se l-pieces were planted 10° inches apart in 
rows 3 feet wide and 20 feet long with a two-row picker-planter which 
deposited approximately one ton per acre of 5-10-10 fertilizer in’ bands 
long the roy ach treatment was randomized and replicated 5 times: 
a treatment replicate consisted of a block of tor 6 rows surrounded by 
ar leet wuele The plot Vere located thre Valle (elevation 
2200) ft near Huttonsville. Wes Virginia 

The { were applied 6 t S times at week] intervals beginning 
ily thi lle of Tune Prior to the first ipplication ot the fungi ides, 
( pl rt vere spraved twice wit! Dy alone to control flea beetles 

The spray mixtures were apphed with a three-nozzle size 3) hand boom 

it the appr ate rate of 150 galley per acre. Approximately 150 pounds 
v4 pressure ere provided by ether a John Bean (Spartan) ot Hanson 


and yraded 


] plot were con 


rte ni el per acre defoliation percentages and vields were 


ubjected to analwess ol variance 


hie ungicides zinely (65 per cent w manech (70 per cent w p.), 


“Se 
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ARES 
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tales 
| ach ple vere exanmuned twice during eacl 
(2? od suggested by Horsfall and 
er maturity, the tubers were har ested 
ve 
sul 
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ed with the approval af 
ay val « Director of 
and 1955. respective. Jui lor their assistance in 1952 
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nabam | er cent hquid), ziram (76 per cent w. p.), and Copper A 


(45 per cent Cu. w Pp.) were supphed by E. 1. du Pont de Nemours 
Wilmington, Delaware: Tri Basic Copper Sulfate (53 per cent Cu. w. p.) 
and Cop-O-Zine (42 per cent Cu and 11 per cent Zn w 
by the Tennessee ( orporation, College Park 


p.) were supplied 


Georgia; Yellow ( uprocide 
(WH) per cent cuprous oxide w p and zineb (65 per cent w. p by 
Rohm and Haas Philadelphia 


Pennsylvania: Calumet Copper 


‘ 


vorblo Oxide (75 per cent 
Cu w. p.) by Calumet and Hecla, Inc., Calumet Michigan Copper MBI 


feconcentration unknown) by Monsanto ¢ hemical Co., St. Louis: Vane rele 


SIZW (50 per cent p.) by R. T. Vanderbilt York: Robert 


son's Copper (90 per cent Cu w p.) by H. H Robertson Co Pittsburgh 


Pennsvlvar la Mercupron (20 per cent copper resinate and 0.2 per cent 


phenyl mercury salievlate liquid) by H. LL. Woudhuysen and Associates 
New Captan (50 per cent p by 


per cent Cu. w. p.) and Calumet 


California S 
Corporation, Richmond. aliformia; Fungicic X ( 
composition and concentration ) by ¢ hemical Formulators. In 


1) 


of unknown 


( | arle ston 


West Virginia: ( ray 658 (32 per cent Cu, 18 per cent Zn, 9 per cent 
Cr. w. 7 amd unnamed compounds (70 per cent w. p CC-12], 
( { 7443 ( 7764 and ( 87 39 Were supplied ( and ( irbon 


adjuvants used were Kaysoy 200 soya flour (Archer Daniels 
Midland Company. Minneapolis), Furafil 100 (Ouaker Ot 


a ( 
Chicage (sranular Bentonite Yodak Chemical ¢ t. Louis) 
ite | (B (soodricl ( henucal ( ( |e veland ) Nutr 


leaf and VHP] soluble fertilizers (Miller ( hemical and Fertilizer ¢ or 
poration Baltiny re) sulfate valrate va used tank reaction 
with nabam and Fungicide “X.” 


DDT was used as the standard insecticide in all spray nuxtures at 
the rate of |] pound of active ingredient per 100 gallons. In addition 
nalat! Mon I of active ingredient ) was used for aphid control when 
need | 


Phe 1950 growit 


PERIME 


NTAI 


iV CAsoOn Wa extremely wet ind 
cool and late blight was quite severe. Rapid development of late bligehit 


masked def hation by early blight on the variet Cobbler Karls blight 


was present and was responsible for some defoliation 


on the late blight 


resistant Kennelhe Variety | ate blight became the clon Mant CAs 


on Kennehe vnen pl Vsiologi potato race 1.4 ot PP nihestan appeared 
the 19 different tungicidal treatment used on Cobbler best late 
blight control and highest yield vere 1 frown the use of zinel 
alone (Table |] xcept for ¢ opper MB ind Crag 658, the cope 

fungicides adequate control, However. hest vere obtained 
with Bordeaux mixture and Yellow Cuprocide. When either ¢ thunet 
Copper r Iri-Basic were alternated wit! zinel ele vere almost 


obtamed! zinel nm f 
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Taste 1.—Late blight defoliation and yield of Cobbler potatoes in 1950 
when sprayed with different fungicides. 


Concentration |Per cent Defoliation Yield 
Fungicidal Treatment Pounds/Gallons Days after Planting Bushels/ Acre 
AS Ww, Total No. 1 

Zineb 3-100 8.3 22.9 410 369 
Yellow Cuprocide 4-100) 90 37.9 358 328 
sordeaux Mixture &-4-100 28.2 350 313 
Copper A 4-100 11.7 45.2 347 306 
lri-Basic Copper Sulfate 4-100 10,2 38.7 335 299 
Cop-O-Zin 4-100 11.0 40.9 333 297 
Nabam + ZNSO, + Lime 2 qt.-1-4-100 37.7 335 292 
Copper Oxide, Calumet 3-100 RR 43.4 322 286 
Copper 3-100 23.6 81.5 320) 283 
Crag 658 2-100 119 313 268 
Zineb and Capper Oxide 

alternating 3-100, 3-100 7.1 402 sl 
{ opper ()xide 4 \ 3-4 100 10 5 2 346 
Zineb and Tri-Basic 

alternating 100, 4-100 50.5 332 
Ziram + Copper Oxide 

tank mix 2-1%-100 10.4 54.6 378 330 
Ziram, then Iri-Basic* 2y, 100, 4-100 10.7 36.1 328 
Ziram + Tri-Basi« 

tank mux 2-2-100 11.9 394 371 326 
Copper Oxide 4 ZnSO, 

+ Linn 3-1-1'4-100 94 419 356 315 
Ziram, then Copper Oxide# 2'4-100, 3-100 14.2 49.8 306 277 
Control (DDT alone) 999 100.0 7 


LSD 19°] 6.9 12.6 48.4 46] 
9] 


'By mistake the concentration of Yellow Cuprocide was twice that 
*VHPF used with ( opper Oxide in last two applications 

SZiram alone was used in the first two applications followed by the 
in last 6 applications 


recommended 


copper fungicides 


Oxide. Yields were higher when ziram was used in tank mixtures with 
etther Tri-Basic or Copper Oxide than when the copper fungicides were 
used alone. When ziram was used in place of the first two applications 
of the Tri-Basic copper, there was an increase in yields which did not 
result when ziram was substituted in the first two spray treatments of 
the copper oxide plots 

The advantages of spraying the late blight resistant Kennebec variety 
are illustrated by the data in table 2. Little late blight was found on 
plants sprayed with either zineb, Tri-Basic, or Bordeaux mixture. The 
plants receiving no fungicide were almost completely defoliated by late 
blight. Potato physiologic race 1,4 of the late blight fungus appeared 
on Kennebec plants two weeks after race 0 was observed on near-by 
Cobbler plants; it spread rapidly and masked the effects of early blight. 
Best control of the diseases and highest yields were obtained with zineb. 

Results in 1951.—In 1951 the early part of the growing season was 
cool and wet, whereas the latter part was warm and dry, Although 


hee 
t MD 
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3 
by 
i 


1956] GALLEGLY > SPRAY TRIALS IN WEST VIRGINIA 77 


2.—/efoliation resulting from both carly and late blight. and 
vield of Kennebec potatoes, in 1950 when sprayed with different fungicides 


Fungicidal Concentration Per cent Defoliation Yield 
Treatment Pounds /Gallons Days after Planting Sushels/ Acre 

10] 111 Potal No. 1 
Zineb 3-100 22 $67 499 
Basic 4-100 2.5 31.9 521 406 
Bordeaux Mixture 2.4 26.5 457 
Control (DDT alone) 33.3 97.0 39 335 

LSD 


late blight was present, it was of minor importance, with early blight 
causing most of the defoliation. The differences m yield (Table 3) were 
not significant. The best fungicides for early blight control were maneb. 
nabam + zine sulfate. Bordeaux nuxture and zineb. Crag 658 and CC-1217 
gave poor control, There was little difference hetween the performance 
of Tri-Basic and Calumet Copper Oxide. The use of the adjuvants 
bentonite, Nutri-Leaf, and p.e.p.s. failed to improve the performance 
of the copper oxide fungicide 

Results in 1952.—The 1952 growing season was hot 
for the very early part. Early blight was the most serious and destructive 
disease ; late blight was present but of little umniportance. The differences 


and dry except 


TaBLe 3.—Defoliation by early blight and yield of Cobbley potatoes 


m 
1951 when sprayed with different fungicides 


Concentration Per cent De foliation 
Fungicidal Treatment Pounds/Gallons Days after Plant ng Bushel 


97 105 Dotal No. 


Maneb 2-100 12.4 27.5 32k 257 
lri-Basic Copper Sulfate 4-100 22.2 50.9 292 235 
Nabam + Zn SO, 2 qt-44-100 12.9 49 24 228 
CC-1217 7-100 26.0 64.0 273 221 
Bordeaux Mixture &-4-100 190 w0 264 210 
Zineb 2-100 17.1 41.0 252 208 
Zineb 3-100 16.0 37 259 206 
Zineb + Nutri-Leaf 3-6-1000 16.9 32.1 209 235 
Zineb and Tribasi« 
alternating 2-100, 4-100 15.3 450) 4) 207 
Copper Oxide, Calumet 3-100 18.7 445 A) 1" 
Copper Oxide + Bentonite 3-14-100 17.5 
Copper Oxide 4 p.e.p.s 16.7 4).2 271 215 
Copper Oxide + Nutri-Leaf 3-6-1000 21.6 45. 7 | 208 
Crag 658 2-100 25.9 94 23% 171 
Control (DDT alone) 67.2 94% 245 185 
LSD 19:1 94 12.1 NS NS 
99-1 12.9 16.2 N 


: 
| 
i 
| 


Copper, Calumet Norblo Oxide. and lri-Basic. Norblo Ooxnule (a finely 
und preparation of Calumet Copper Oxide) gave slight}, better disease 
nd produce Tair elds than Tri-Basic. In the ree previous 
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treatments were non-significant even though 
ore Was a variation of approximately 75 bushels per acre between the 


», and nabam plus zine sulfate 
gave best control of defoliation due to early blight. A 


\ considerable amount 
plant injury resulted fro, ippications of the Bordeaux mixture which 
nted tor part of the defoliation on plants sprayed with this material. 


Lhere was littl difference be ween the erlormances of Tri-Basik captan, 
| 
Vaneide 51ZW and Calumet ( pper Oxide. The adjuvants Furafil. 


and ova flows te the pertormanece ol Copper 


oxide. Flea beetle and leaf pper damage was severe on plants sprayed 
vith Mercupron and DD] meheating that this fungicide interfered with 
the msecticidal action. of 


Lauter 4 Larly blight defoliation and yield of Katahdin potatoes in 1952 
when frayed with different fungicids 


( oncentration Per cent Defol ation Yield 
il Treatment Pound (sallon Days atter Play ting Bushels per 


Total No ] 


2-100 13.1 80,7 256 234 
Zine 2-100 14.7 85.3 242 222 
3-100 144 75.2 240) 221 
Zineb and I ribasi 

ilternating 2-100, 4-100 209 OR 208 
Bordeaux Mixture 8-4-100 92.4 239 216 


vabam 4+ Zn SO), 2 at ,-100 7 


Sullate 


Calumet 2.4 4.1 99.2 183 162 
Copper Oxide + Furafil 27-1-100 23.7 97 7 223 200 
“Copper Oxide + Bentonite 27-1-100 277 YR 4 185 
Copper Oxide + Sova 2.4-1 ) 


13 


Results in 1953 1953 growing season Was simular to the 


t 
easoms im 19ST and 1952. Pontiac a late-maturing variety was used for 
these trials in place of Cobbler and Katahdin used the previous three 
easons, Detohation resulted from bet! early blight and late blight (Table 
Highest vields and hest control of defoliation were obtained with 


zineb. There was little difference in performance between 
he 2 pound and 3 pound concentrations of zineb. The split’ schedule 


no which zinehb was used in the firet 6 applications and Bordeaux mixture 


oO, gave results equal to those obtained with maneh or zineb 


erence im the perlormance of captan Robertson's 


‘ vhen the regular preparation of ( opper Oxide had been used. Tri 
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Taste § Defoliation resulting from both carly and late blight. and vield 
of Pontia Potatoes in 1952 when sprayed th different 


fungicides 


Concentration Per cent Defoliation Yield 
Fungicidal Treatment Pounds/Gallons Days after Planting Bushels per Acre 


103 Potal No. 1 


Maneb 2-100 14.2 $2.2 74) 707 
Zineb 2.100 18.5 105 70 651 
Zineb 5-100) 12.4 673 
Zineb, then Bordeaux 

Mixture* 2-100. 124 4) 7344 705 
Captan 2-100 32.3 2 
Robertson's Copper 22-100 22.5 619 
Norblo Oxide, Calumet 27-100 641 610 
lri-Basic Copper Sulfate 4-100 23.4 633 
Bordeaux Mixture 84.100 4.3 709 5-0) 487 


Control (DDT & 
malathion, onl 


vy) 


19°] 78.3 77.9 
13.1 19 104.0 


*Zineb used in first 6 applications and Bordeaux Mixture it 


basic had given slightly better results Bordeaux mixture 
jant injurv which resulted in yields lower than those of ti 

Result n J955 toth early blight and late | 


Caused sonn 


controls 


were present in 
the plots im 1955 karly blight Was re sponsible tow st of the 


defoliation 
The growing season was warm with a moderate amount of rainfall 
experimental compounds Fungicide “X," CC-7443. CC-7764 and CC-8739 
were included in the 1955 test for comparison with five named lungicides 


The data in table 6 how that all niaterial prevented defoliation by 


early blight up to 100 days after planting; | 


rt lowever, at 120 days after 
planting (past the time of normal maturity) on! zineb, maneb, nabam plus 
zine sulfate, and Fungicide plus zine sulfate provided significant 
control of defoliation. One hurdre | days after planting, the fungicides were 
grouped and arranged nm order ot decrea my ethoern defoliation 
control as tollow zineh nabam plus ulfate nianel and | 
X” plus zine sulfate: 2) 77604 and CC-8739- 3, Iri-Basie and 
Bordeaux n mxture 7443 control Yue significantly lugher 
than those of the control plots, in descending order vere provided by 
applications of zineb. nabam 4 maneb, Fungicide “\ + ZnSO) 


(C-7764, and 87 39 


expermie nial 
1953 


and of minor importance im 1951, 1952 and 195° arly blight was 
moderate to severe each ve if except in 1950 Zinel mel aneh comstistentlsy 
pave best control of defoliation caused by the two cd CAM nicl produced 
highest yields. This is in keeping with results obtained with these two 
materials by a number of other workers in other states (1). J xcept for 


evere 
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Paute 6.—Defoliation by early blight and yield of Pontiac potatoes m 
1955 when sprayed with different fungu ides 


Concentration Per cent Defoliation Yield 
ungicide Pounds/Gallons | Days after Planting) Bushels per Acre 
100 120 Total No. 1 
Zineb 2-100 40 74.5 741 673 
Maneb 2-100 4.3 86.2 OO 612 
Nabam + Zn SO. 2 qts M4 100 4.2 79 9 ORS 620 
Fungicide + Zn SO. 2 qts.-%-100 49 600 600 
CC-7443 14-100 12.5 98.2 594 540 
CC-7764 144-100 6.6 914 646 593 
CC-8739 114-100 6.6 96.3 641 592 
lri-Basic Copper Sulfate 4-100 8.6 584 541 
tordeaux Mixture &-4-100 8.9 97.4 556 514 
Control (DDT & 
malathion, only) 42.1 98.3 575 §25 
LSD 19:1 §.2 10.5 63.7 62.9 
70 14.0 85.0 84.0 


the mixture, nabam plus zine sulfate was about as effective as zineb. 
Only small differences were noted in performance of the different fixed 
Copper fungicides; Tri-Basic Copper Sulfate, Calumet Copper Oxide, 
Calumet Norblo Oxide, Cop-O-Zine, Robertson's Copper, Copper A, 
and Yellow Cuprocide. Calumet Copper Oxide was slightly inferior 
to some of the copper materials, whereas Norblo Oxide (a prepara- 
tion of Calumet Copper Oxide with smaller particle size) was slightly 
better than some. Bordeaux mixture gave good control of the 
two diseases but caused some injury to plants resulting in lowered yields. 
The performance of captan and Vancide 51ZW = was inferior to that of 
zineb and maneb but was equal to that of the copper fungicides. Mercupron 
appeared to interfere with the action of the insecticide DDT and gave 
poor defoliation control and low yields. The performance of Calumet 
Copper Oxide was slightly improved in 1950 when the adjuvant VHPF 
was used in the spray mixture. This improvement could have been due 
to an increase in copper solubility brought about by the ammonium 
form of nitrogen present in the soluble fertilizer or to the supplementary 
fertility supphed by VHPF. The use of other adjuvants with Calumet 
Copper Oxide failed to improve its value as a fungicide. Various split 
schedule or tank mix formulations with zineb showed no advantage over 
the use of zineb alone. Unnamed experimental fungicides found to be 
worthy of further studies were Fungicide “X,"’ CC-7764, and CC-8739. 
lt was found advantageous to spray the late blight resistant variety 
Kennebec for control of early and late blight. Best control of the two 
diseases on Kennebec and highest yields were obtained with zineb. 
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NEWS AND REVIEWS 
STORING WASHED POTATOES! 
J. D. Swan, Jr? 


You honored me highly when you invited me to Visit your great 
Field Day, which has given me an opportunity not only to mingle with 
vour thousands of guests but also to speak to you this afternoon Your 
commuttee asked me to choose my own subject and knowing your in 
creasing interest in washing potatoes for bette marketing, I have chosen 
the rather unconventional subject, “Storing Washed Potatoes.” 


INTRODI CTION 


It is, of course, common practice today and most markets demand 
the washing of potatoes by the shipper. This is commonly done from the 
held or later from storage immediately before shipment. A good wash 
job and a “bright” pack command a premium. It is comparatively easy 
to get a clean bright wash job at time of harvest in the fall and shipments 
at that time can be a source of pride, even from heavy or dark soils Many 
a grower has, however, put potatoes from such a field into storage, to 
take them out later to be washed for his winter trade, only to find that 
the tubers fail to brighten up because they have lost their “bloom.” 
\bout fifteen year ago, quite by accident, we discovered that by 
reversing the order and washing some potatoes before storage that they 
came out months later substantially as bright as when they went in. The 
subsequent development by trial and error and planning our system of 
Management to first, washing and then storing them, have prompted quite 
some national interest and considerable correspondence from potato men. 


DISCUSSION 


Our potatoes in southern Wisconsin are grown on tiled muck soil 
The fine dark soil clings tenac ously to the tubers and does not respond 
even to a good dry brushing job unless the potatoes are harvested from 
dry soil and the ambient dew point temperature is well below the 
temperature of the potatoes at the time of brushing. The reverse of 
this condition is likely to prevail during late fall digging and the resulting 
pack is dirty and smeared with the dark soil. Late in the thirties we 
found we had to wash if we were to compete in the market with any 
chance for success. We found it easy to wash cleanly the freshly dug, and 
still damp potatoes as they were brought in from the held. This was 
satisfactory for immediate sales 

However, we found that our washing equipment was in apable of 
doing as clean a job late in the winter or early spring after the dirty 
potatoes had gone through the handling of binning, in addition to storage 
sweat and hardening. Furthermore. the skins, even when cleaned. were 
darker for they had lost their “bloom,’ 

In the fall of 1940 we had washed a special pack order of two trucl 
loads of large Katahdins and stacked them in burlap hays mn the warehouse 
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for loading early the next morning. The buyer failed to appear. The 
market was very low that fall, and had re« ently slipped lower. It was evident 

our buyer had “welshed”. Rather than risk a consignment we decided 
there was little to lose on an experiment and decided to dump the entire 
lot into a bin, even though we had alwavs been told that washed potatoes 
wouldn't keep.” 

Our potato storage was then of the conventional basement sectionalized 
design with bins approximately 8 x 18 x & on raised slatted floors, 
depending upon gravity ventilation. The basement temperature at time 
of filling was approximately 55° F. and declined steadily to about 38° o1 
1)" by January first where it remained until the lot of potatoes was 
removed late in February. At that time the potatoes were taken directly 


from the bin, run across a picking table and bagged. They were many 
shades br iwhter than could be obtained from conventionally stored identical 
lots. The yield of U.S. Number 1 potatoes was within a few bags of the 


number that was originally dumped in the bin some four months before 
There was negligible decay, which was principally confined to shrivelled 
late blight lesions. There had been abnormal rain during the late summer 
of 1940 at which time there was a trace of tuber blight. To guard against 
the possible spread of tuber blight in’ the washing process we had 
suspended a cotton bag of tribasic copper sulfate in the channel of water 
pumped to the first battery of soaking sprayers on our washer, hoping to 
kill any free blight spores before they could damage uninfected tubers 


The second section of our washer provided a separate battery of spayers 
usily tre h clean well water as a final rinse on the CONnVEeVOr! We have 
no comparative data for justification for the eon lusion that the introduction 


of the copper accomplished its purpose other than the observation that no 
appreciable spread of blight followed in storage whether by coincidence or 
otherwis« 

The agreeable anomaly, however. that re sulted’ from the experiment 
was the brightness anc bloom” of these potatoes as they came from the 
bin in February closely rivalling the appearance of freshly washed autumn 
nt 

Wasues Att Storep Poratrors 

With the results of our experiments in mind. the following year we 
intentionally washed about one tenth of our storage crop before putting 
Ht into storage. The results were substantially the same Each subsequent 
year we doubled the percentage so handled in the previous year until in 
1946, and since that time we have washed our entire production before 
putting it into storage 

Some technical observations of some of the details of the Management 
of our present operations may be of interest at this pomt. Some of our 
potatoes are picked up by hand behind the digger, and some times we use 
automatic harvesting and bulk-loading in self unloading wagons. In either 
case, the potatoes from the field are unloaded on a wide rubber conveyor 
belt which empties on a roller conveyor to eliminate loose soil. From 
there they pass to a twenty foot roller washing-conveyor which gently 
turns the potatoes as they pass through and under the two batteries of 
sprayers First, there is a flushing or soaking unit which sprays, at the 
rate of approximately 3000 gallons per hour, re-circulated water freshened 
by the re-use of the water which is salvaged from the rinse unit nozzles 
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that are supplied by a 2500-gallon per hour well pump. Next, a blanket 
roller type of water eliminator follows the sizer and removes some of 
the free water after which the tubers enter the drying tunnel conveyor 
This tunnel is forty feet long and during the two minutes the potatoes are 
in the tunnel they are exposed to a 5000 feet per minute air blast heated 
by a 6 gallon per hour oil burner This serves to raise the air temperature 
only enough to increase its moisture capacity and the drying action on 
the potatoes. The surface temperature of the potatoes rises only a very 
few degrees Finally, the potatoes pass along the double lane culling or 
grading table and from there to the baggers or packaging machines as 
needed, or trucked to the bin loaders tor storage \t this point the potatoes 
are not completely dry except on days of very low humidity. but no tree 
Water remains on the surface. Even though they may In damp, this 
dampness disappears in an hour or two in the bin or vented package. We 
think this dampness is beneficial in the initial stages of storage to aid in 
the healing of any cuts. By the aid of remote reading thermometers we 
keep the temperature as high as 60 degrees the first few days after storing 
the potatoes in the bins and cool them as rapicly as pos thle with a 
nuninum of forced air through the pile 

\vorps BRUISING 
Every effort is made to avoid tuber bruises at eacl pomt om the 

operation and no free fall exceeds a few inches to a padded surtace Wi 
hbeheve t to be a very Important part m this system. Also, the stored 
potatees must be mature enough not to feather during the process, as any 
spot where the skin is broken will darken in torage, and reduce the 
attractivenes of the pack We do not consider the Introduction ot heat 
nn the drying tunnel to I essential for storage where fores | ventilation 
of the bin is available. Heat is merely desirable in reducing the requirement 
of forced bin blowing. Excessive blowing in the bin has tended to darken 
al abrased areas on a tuber. Most of our storage area is now provicled 
with terced ventilation introduced through emptying conveyor passaye 
ned slatted bin bottoms at approximately > mel tatic pressure, The 
operation al blowers is controlled by time relay vitches commected to 
safety thermostats. After the temperature of the stored tubers is reduced 
tr 4) degrees torced ventilation Is reduced to a low nunutes a day and 
a differential thermostat is cut in the control circu which never permits 
the blowing of air that is warmer than the pile. Weight loss tends to the 
lower rate and is checked by dropping filled pre weighted mes bags inte 
the heart of the bulk pile \fter five months of torage we ave had a 
little as 4 per cent, and as much as 10 per cent total shrinkage, during 
the past ten vears of the evolution of this <vstem 

The sze of bin is apparently of no significance to keeping quality. Our 
largest by olds fifty carloads without a partition: the smallest holds 
halt car. [here is no appreciable difference in the out-turn quality of 
either, mor he elaborate equipment used a necessary condition for the 
sticcess of the system. (Qurs ts nearly all home-built and toggled up in 
our farm shop imeluding the washing and dr ing line and conveyors. ) 
lhey are mere! conveniences we have added Irom) time to time over 
period of vear 

The use of this system is. by no mean confined to muck soils. We 


ais operate a seed potato farm on the hea 
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Wisconsin. The larger sizes of tubers are washed and sold in table stock 
markets. Last fall, being a wet season the potatoes came in muddy from 
the fields. We knew we would have difficulty cleaning them up im the 
‘pring, so we applied the principles of ou washing-then-storage system 
to our simple washing-grading equipment located there. We permitted a 
drying action of sorts to take place by simply delaying the dumping of 
the tubers from the grader into the bins for a few hours, then dumping 
continuously from the drier lots in rotation. Although we had no forced 
ventilation the potatoes came out. this spring to make U.S. Number | 
grade and were brighter than usual. 

lo date we have never had a serious loss from storage under this 
system and have applied it to a wide variety of potatoes including : 
Katahidins, ¢ hippewas, Sebagoes, Russet surbanks, Cobblers, Triumphs, 
l_aSodas, Red Pontiaes and others. 

The obvious disadvantage of the system is the requirement that the 
washer-grader must have a capacity equal to the rate of harvesting in the 
field for economic labor utilization and the use of relatively slightly more 
labor at harvest time to man the washer-grdder than would be the Case 
of hauling field-run potatoes and dumping them, dirt and all. directly 
into the bins for winter storage and subsequent washing and grading. 


ADVANTAGES 

It has been our experience and observation, however, that in our 
case and under our conditions these disadvantages are more than off-set 
by the advantages of much smaller winter labor requirements. First, to 
pack the already washed and rough-graded potatoes from the bins: 
secondly, the elimination of the problems and discomforts of washing and 
water handling in cold weather; thirdly, the saving of storage space 
by eliminating obvious culls at harvest time and ebove all the improved 
appearance and market quality of the finished pack that is offered in 
competition for the consumers’ dollar. 


SUM MARY 

In the normal process of binning freshly-dug unwashed potatoes the 
abrasive action of the tuber and the soil upon tubers while building up 
the storage pile apparently drives an appreciable amoynt of soil into the 
surface of the skin. The subsequent. early storage sweat, or metabolic 
processes, appear to heal the dirt into the epidermis itself, and if the soil 
fof a darker shade subsequent winter washing fails to restore the original 
brightness of the tuber 


Fifteen vears of experience without serious storage losses suggests 


that freshly dug and washed potatoes can be successfully stored under 
Wisconsin conditions if maturs tubers are relatively free from 1. diseases ; 
2, bruises; and 3, free water at time of storing. The storage temperature 


the first few days should be relatively high, then dropped as rapidly as 
possible to, and maintained at the desired level, for the intended use and 
length of storage. Reasonably good ventilation seems to be required and 
controlled ventilation is cde sirable 

ven after prolonged storage, washed potatoes so stored have tended 
to pack out with brightness comparable to freshly dug and washed potatoes 
of the same lot in the fall of the year. Customer acceptance has been 
yratiiving 
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INFLUENCE OF ISPHERIC AND SOIL MOISTI RE 
CONDITIONS ON DIURNAT. VARIATIONS IN 
RELATIVE TURGIDITY OF POTATO LEAVES 


ABSTRACT OF NEBRASKA Acr. Exp STA. Res. Butt. 176, Dec. 1954 
H. O. Werner 


Relative turgidity (R.T.) of potato leaves was determined with paired 
sets of leaf disks, one of which was used for dry matter determination while 
the other was floated on water to determine maximum water absorption 
capacity. First visual evidence of wate shortage in leaves occurred when 
R.T. had dropped to about 82% but there was considerable difference 
between varieties. In the bright, dry atmosphere of western Nebraska 
(4000 ft. alt.) R.T. varied from maximum of 95 to 100% in early A.M 
fo minima of 82-86% in mid-P.M. Max RK. T. values were associated 
with atmospheric vapor deficit during the previous night or previous 
afternoon. The magnitude of the daily R.1 range was influenced chiefly 
by accumulative vapor deficit from sunrise to mid-afternoon (deficit 
measure with spherical black atmometers ) R.T. values declined at a 
diminishing rate till midafternoon and then increased The lag of RT. 
increase in late P.M. and night, behind the in rease in R.H. of atmosphere, 
Was interpreted as due to water deficienc y within the plant or the micro 
root environment. When scil moisture in top 18 inches neared the wilting 
point max, and min. R.T. values decreased and daily range increased, In 
eastern Nebraska (Lincoln )—with temperatures much higher than in 
western Nebraska—max. A.M. R.T values were never over 90% (except 
with overnight rain or irrigation) and min. were below 78%. When 
irrigated after a drouth period, plants had the appearance of recovery 
several days before R.T. of leaves was equal to that of leaves of plants 
irrigated continually. R.T. values of varieties differed very little when 
soil moisture was readily available but when moisture was deficient max 
\.M. values differed more and minimum P.M. values differed greatly 
Variety differences increased during protracted hot dry periods. R.T 
values of Pawnee were consistently highest with least daily range, 
followed by Irish Cobbler. l.aSoda, Red Warba and Progress. Those of 
Triumph were distinctly lowest with greatest range 


NEWS RELEASF 

The eleventh annual meeting of the Northeastern Weed Control Con 
lerence will be held January 10, 11 and 12, 1957 in New York City at 
the Sheraton-M. \lpin Hotel. An intere sting program is being planned for 


those interested in weed control in such crops as corn, wheat, soybeans. 


pastures, vegetables, strawberries and orchards: for weed control in lawns. 


golf courses, nurseries ponds and streams; and for control of woody plants 
and weeds along highways. railroads, power lines and around industrial 
plants. 


Dr. L. 1. Danielson. Plant Physiologist at the \ irgima Truck 
Experiment Station, Norfolk \ irginia, 1s Pre sident ot the ( onfe rence 
this year, 
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Is poor quality killing the 
Potato Market? 


COPPER Improves QUALITY 
TENMESSER CORPORATION QUALITY Increases PROFIT 


Practical experience through years of usage of 
TRI-BASIC COPPER and comparison with the 
newer organic fungicides has proven TRI- 
BASIC to be outstanding in UPGRADING 
POTATO PRODUCTION by providing 


Ww LESS TUBER ROT. 

we FEWER PICK OUTS. 
%& BETTER SHIPPING QUALITY. 
%& HIGHER SOLIDS CONTENT. 
we FEWER WATERY POTATOES. 
*% BETTER CHIPPING STOCK. 
%& INCREASED STORAGE 


COPPER SULFATE 


THAT’S NOT ALL—LOOK at these other ADVANTAGES 
in using a COPPER FUNGICIDE. 


No residue tolerance restrictions. 

t pplication internal—provides added days protection while 
conserving money, chemicals, labor, time, machinery depresiation, 
soil compaction and mechanical injury te vines end tubers. Easy 
te apply as spray or dust. 

Provides nutritional element COPPER — essential to plant growth 
and production. 


MR. GROWER insist on rei-sasic Copper —it iS PLENTIFUL AND 
ECONOMICAL. Don't be misled —Don't take chances. INSURE SUCCESS 
THROUGH THE USE OF TENNESSEE'S TRI-BASIC COPPER. 


See your dealer or write 


TENNESSEE Pw CORPORATION 


617-629 Grant Building, Atliente, Georgie 


| 
| 
4 
| 
4 
4 


